IntroductIon
The multiple stressors affecting the coastal zones together with their economic and social roles brings the attention of researchers, policy makers, and general public to this environmental sensitive areas. In this sense, its conservation constitutes one of the present subjects of concern and raised the need of its integrated management (Gomes, 2007) .
From the wide geomorphological diversity of coastlines, estuaries are areas of key environmental relevance (Costanza et al., 1997; Barbier et al., 2011) . It has been intensely demonstrated the role of estuaries for life in the oceans, especially coastal platforms, serving as local of breeding, spawning and growth of many marine species Martinho et al., 2007 Martinho et al., , 2012 , migratory routes of avifauna (Lourenço et al., 2008; Burton et al., 2010) and habitat use for resident species (Baptista et al., 2010; Nyitrai et al., 2012) . The estuaries were always areas of high human occupation. Consequently, the population growth around them has been accompanied by some degree of anthropogenic disturbance including resources depletion and pollution (Kennish et al., 2002) .
The Mondego estuary, located in the Atlantic coast of Portugal, is a pertinent example both of the range of pressures and impacts on coastal wetlands and of an area that has been focus of attention by researchers and policy makers. There is a vast multidisciplinary published science in the literature (Costa et al., this volume) , that should support reasoned management decisions/actions in the Mondego estuary.
It is recognized that biodiversity conservation and sustainable management requires sound scientific knowledge. Nevertheless, the translation of ecological/ scientific knowledge into accurate and serviceable forms for policy makers, management, or educational purposes is often delayed (EVC, 2004) . The knowledge resulting from research focused in the Mondego estuarine system that supported remediation measures to mitigate environmental problems (Costa et al., this volume) is an example of such practices. The referred multidisciplinary of the Mondego scientific knowledge could be additionally used for educational aims, including Environmental Education (EE) and Education for Sustainable Development (ESD).
More emphasis is needed to be placed on the importance of natural resources, biodiversity conservation, and ecosystem services in the teaching of ESD. Assuming that perspective, the EE is becoming an integral part of the education of any country's youth. In Portugal, the educational guidelines also presume the inclusion of environmental and nature conservation aspects in school curricula and textbooks.
Because a sustainable coastal management must involve decision-making processes of strongly public participation that implies all stakeholders, especially the local population (MAOTDR, 2007) , the citizen involvement is crucial. To achieve this intend it becomes urgent to develop awareness initiatives, information and promotion of skills for action (environmental literacy). Only environmentally literate citizens can take conscientious and informed opinions (EVC, 2004; Azeiteiro et al., 2004; Almeida & Azeiteiro, 2011; Almeida et al., 2012) .
For educating environmentally literate citizens, one of the skills postulated by the Portuguese National Curriculum of Basic Education 1 (DEB, 2001a) to be achieved by the end of Basic Education is the construction of an ecological consciousness conducive to the recovery and preservation of natural and cultural heritage. In this sense, is important that students understand the relationship between science and daily life (Pato et al., 2007; Almeida et al., 2012; Costa et al., 2012) . This achievement is possible through the participation in practical activities based on problem solving and developing critical thinking and reasoning. Consequently, those students will become informed adults citizens that will be able to deal with the environmental problems faced by society. In all that process the teachers/educators role is crucial because they can increase the students' opportunities to gain knowledge, form positive attitudes about nature, and practice action skills (Chawla & Cushing, 2007) .
In this line of reasoning, the purposes of the present study were: a) to review the existent literature with pedagogical application focused on Mondego estuary; c) to explore and discuss other potentialities of the Mondego estuary research as a didactic tool. It is our intent that the use of an ecosystem to develop activities of Science Education, EE and EDS could be an important way to achieve some of the aims of the sustainability.
Mondego estuAry
The Mondego estuary (Fig. 1) is located in the western of Portugal (40º08' N, 8º50' W). About 6.5 km from the mouth is divided into two arms (North and South) delimiting the Murraceira Island. The two arms represent distinct subsystems with very different characteristics. The North arm is deeper and more hydrodynamic. It corresponds to the navigation channel and supports the Figueira da Foz harbour. The South arm is shallower and covered by extensive intertidal mudflats.
The estuary has an important regional socio-economic value providing several goods and services for the population. It supports industrial activities, mercantile and fishing harbours, aquacultures, salt-works, and agricultural areas (Fig. 1 ). As result of those different uses, the Mondego estuarine system has undergone intense anthropogenic pressures and several hydromorphological transformations over the last decades (Marques et al., 2007a) . Those constrains induced progressive decline in the estuarine environmental quality (Marques et al., 1997; Pardal et al., 2000 Pardal et al., , 2004 Dolbeth et al., 2003) . The interventions comprised the margins' regularization in the harbour area and navigation channel's depth increase in the river mouth area; margins' regularization between arms separation point 1 -In Portugal the pre-higher education last for twelve years. The first nine years is known as the Basic Education and are divided into three stages of four, two and three years respectively. The stages are 1 st , 2 nd and 3 rd Cycle, respectively. The Secondary Education consists of a three-year cycle after basic education. From 2012/13 the Secondary school was compulsory. Following the secondary school the students could ingress in the Higher School that actually follows the Bologna process with a first cycle of study (graduation), plus a second cycle conferring the master's degree. and harbour areas, diminishing river width, and narrowing the communication between arms. The interruption of the communication between the two estuarine arms lead to a drastic reduction of water circulation through the South arm leading to water residence time increase in this area. As consequence, there was an increasing of turbidity and an excess of nutrients that resulted in the eutrophication of the South arm (Patrício et al., 2006; Dolbeth et al., 2007; Leston et al., 2008) . Those features resulted in the impoverishment of the ecosystem. It was registered a replacement of seagrass coverage by opportunistic macroalgae, increased degradation of water quality, a decline of species diversity and secondary production as well as decline in herbivores and an increase in detritivores (Pardal et al., 2004; Cardoso et al., 2005; Verdelhos et al., 2005; Dolbeth et al., 2008) . In order to improve its ecological status the system has been target of restoration plans since the 1990s. In 1997/98 were implemented several mitigation measures (the physical protection of the seagrass area from human disturbance; the change of the discharge location of Pranto River flows; the enlarging of the connection between the two arms) (Cardoso et al., 2005 (Cardoso et al., , 2008 Duarte et al., 2008) , followed by a more intense intervention undertaken in 2006 consisting in the total re-establishment of the upstream connection between the two arms (Falcão et al., 2011; Veríssimo et al., 2012) . Those actions improved the hydrodynamic conditions in the South arm and diverted the nutrient loading. In addition to the anthropogenic pressures, the estuary has also been affected by the occurrence of natural extreme climatic events in the last years (Marques et al., 2007b; Martinho et al., 2007; Cardoso et al., 2008; Grilo et al., 2010; Dolbeth et al., 2011) . As result there were recorded changes in the species distribution, dynamics, and changes in its structure and composition (Marques et al., 2007b; Baptista et al., 2010; Grilo et al., 2011; Nyitrai et al., 2012) .
dIdActIc potentIAlItIes of the Mondego estuAry
The Mondego estuary is an area of high environmental value (National Ecological Reserve, Important Bird Area (PT039), and RAMSAR site nº. 1617) whose characteristics (e.g. two distinct subsystems with different physicochemical and ecological characteristics, strong environmental gradients, and anthropogenic pressures) present clear educational potentialities allowing recognizing the role of different factors in the ecosystem dynamics. This coastal zone is particularly suitable for the creation and implementation of didactic-pedagogical activities, not only for courses of High School but also for the teaching of Ecology in the Basic and Secondary School (integrated, for instance, in the curriculum of the discipline of Natural Sciences and Biology, but also for transdisciplinarity with the other disciplines). It is also appropriated under the EE, EDS, and Education for Citizenship, for the resident population in their surrounding and for students and science teachers/educators. In this context, to offer a range of educational activities to develop investigation and problem-solving skills, the discovery of ecological principles and forward environmental awareness based on Mondego estuarine ecosystem seems to be an important contribute to the development of informed, reasoned and active citizens.
review on literature published concerning pedagogical approaches about the Mondego estuarine ecosystem
The research on the Mondego estuary has produced significant insights into complex ecological interactions happening in the system (Costa et al., this volume) . Nevertheless, besides the vast scientific production already published, few had the focal point in its pedagogical potentialities. Till the moment, to our knowledge, only 3 MSc dissertations (Carvalho, 2003; Costa, 2006; Luís, 2006) and 2 book chapter (Carvalho et al., 2007; Costa et al., 2008) , had the center in a didactic approach of that system, behind different perspectives.
One of the studies (Carvalho, 2003) consisted in the elaboration of a set of activities to develop with students of 10 th grade in the Biology classes. The author proposed an investigative route of experimental nature using the intertidal habitat as support. For planning the learning activities were determinants the heuristic resources constructed (Gowin`s V and conceptual maps), from which was systematized the experimental route using explanatory worksheets. The didactical process included several steps that students must to follow: to prepare an oral presentation about the estuary characterization after bibliographic research; to collect water and intertidal biota samples; to perform the water analysis; to preserve, identify and quantify the macrofauna; to calculate the specific richness (Margalef indices); to discuss about the results and to take conclusions.
A second didactic work was drawn by Luís (2006) . The author implemented an investigative project with students of the 8 th grade integrated in the discipline Natural Sciences and related to the syllabus topic Ecosystems. The first part consisted of field trips in the Figueira da Foz coastal figure 1. Mondego estuary (Portugal). Location of functional areas around the estuary (adapted from Ribeiro, 2005) . Ribeiro, 2005) .
Figura 1. Estuário do Mondego (Portugal). Localização das áreas funcionais adjacantes ao estuário (adaptado de
location, including the Mondego estuary. The students were supposed to analyse its main physical characteristics and the predominant macroinvertebrates on a rocky area of the estuary. The author, in the end of the activities, applied a questionnaire to the students allowing the identification of the main difficulties faced by them. They were the collection of material in the shores, and walk on the rocks.
The third project with pedagogical applicability was developed by Costa (2006) that proposed some activities to implement with students of 12 th year (secondary school). The activities were directed to fishing resources, aquaculture and food quality, using a database on growth and nutritional composition of wild and farmed seabass (Dicentrarchus labrax), collected in the Mondego estuary and in a fish farm located in the Murraceira Island. Among other tasks, the students should analyse the results of wild Mondego and farmed seabass concerning growth and nutritional composition in order to calculate several parameters and to compare the results, and to take conclusions.
In the above works the teachers may find theoretical support to the teaching-learning process, auxiliary teaching materials (worksheets and experimental protocols), and methodological suggestions aiming to address the difficulties that teachers encounter in the fulfillment of innovative educational practices.
Other pedagogical approach developed in the Mondego estuary was integrated in the project of Education for Sustainability named "Biologia no Verão", created by "Ciência Viva" program from the National Agency for Scientific and Technological Culture of Portugal. Between 2001 and 2007, in the summer months, the participants registered in the program went to the estuary where they observed, collected and identified the species inhabiting there, from algae to birds. The activities aimed to make known the estuarine species and habitats in order to stimulate the interest for science and aware for habitats preservation.
general guidelines to develop the didactic potential of Mondego estuarine ecosystem
Besides the relevant activities already realized based on the Mondego estuarine ecosystem, we are convinced that many others could be idealized and developed with didacticpedagogical purposes. A consistent scientific approach coupled with a didactic framework is the best way to engage the student's mind, increasing interest for science, and develop respect for the nature. In Education for Science, and in the Education for Sustainability the relevance of using situations and current issues, contextualize the learning, and articulate them with prior knowledge has been highlighted by several investigators (Wellington & Osborne, 2001; Wellington, 2002; Roth & Lee, 2004; Hofstein et al., 2005; Rivet & Krajcik, 2008) . So, we think that could be very interesting to transform the vast scientific outputs of the Mondego estuary in a set of pedagogical activities/tools/actions, directed to school groups and/or to the general public. The general idea that over the years the ecologists (and scientist in general) have created a huge knowledge base, but they do not always advertise its availability or know how to present it to nonscientists in a comprehendible form (EVC, 2004) , should be reversed.
In educational terms, the case of the Mondego estuary can be approached from multiple points of view, according to the targeted audience. The extent and quality of data available about the system turns it appropriated to be converted into didactic resources. In the disciplines of Natural Sciences for the Basic Education and in the Biology of Secondary Education programs there are conceptual subjects that might be covered by various topics of an estuarine system (DEB, 2001a, b; DES, 2001 DES, , 2003 DES, , 2004 . The educational materials eventually produced could include various topics of the Mondego estuary, because all have been object of scientific research (e.g. biodiversity, water quality, toxicology, environmental preservation, geology), and only a small part of it was presented in the pedagogical actions already developed. It is desirable that activities induce both students and teachers/educators greater perception of the estuarine environmental vulnerability to the anthropogenic activity, either directly, through contamination by pollutants or indirectly through climate change (i.e. global warming), but also highlight its primary and secondary productivity, variability of habitats, and particularities of some estuarine species. Either, the structure and dynamics of the estuarine ecosystem and the interdependence between the biotic community and the abiotic factors are topics very interesting to explore pedagogically. The activities could advance, for instance on the biodiversity in a wide-range or choose a case study habitat, among many other possibilities. In this respect, given the complexity of the Mondego estuary, numerous issues can be raised leading to the hypothesis formulation and subsequent research planning by students, such as: What is the influence of human activities on water quality of the estuary?; What is the effect of dredging on macrobenthic community of the North arm?; What are the effects of extreme events on the communities?; How to avoid the disappearance of Zostera noltii beds?.
Recreational/educational environmental interpretation activities using and valuing the historical and environmental heritage of the Mondego estuary could be achieved directly in loco and/or in the schools (classroom or laboratories). In the scope of that ecosystem, the implementation of field and laboratorial activities and/or classroom practical exercises provides opportunities for different types of learning outcomes. The outdoor activities, for example, are extremely important to promote meaningful science learning in students (Almeida et al., 2012; Boaventura et al., 2013) . Several studies make reference to the importance of field trips for learning and for improve the behaviours and attitudes toward the environment (Lisowski & Disinger, 1991; Orion & Hofstein, 1991; 1994; Manzanal et al., 1999; Abrahams & Millar, 2008; Lei et al., 2010) . Fieldwork enables the learner to interpret the complex framework of ecological relationships, with the proviso that the elements should be chosen carefully so that the learner is not confused and overwhelmed by the variety of questions that the ecosystem raises (Manzanal et al., 1999) . All activities in the field should therefore be carefully prepared.
As mentioned above, the approach to follow pedagogical objectives concerning the Mondego estuary could be diverse. However, it is essential for its elaboration to keep in mind the guidelines recommended by the Portuguese educational policy documents. In this context, the promotion of active learning, and the use of laboratorial and field work is particularly emphasized in the programs of Sciences. In fact, the Curriculum Guidelines for Physical and Natural Sciences of the 3rd cycle (DEB, 2001b) (DES, 2004b) highlight the need to potentiate activities of small inquiry and investigation, including, preferably, the use of these two tools (DES, 2001b) . The objective is to support the clarification of previous conceptions of students, the formulation of hypothesis, the planning and eventual implementation of activities, the collection and analysis of data. It is aimed, primarily, to promote an integrated view of science, interrelating technology, society and environment to produce valid knowledge (DEB, 2001a, b; DES, 2001 DES, , 2003 DES, , 2004 ). The teaching resources should have the goal of promoting the development of skills, values, attitudes, and behaviours to expand the scientific knowledge of the students, i.e. to increase its scientific literacy. This objective is easier to achieve by linking the scientific knowledge with quotidian worries and stimulating the student's curiosity.
It should be added that the environmental issues are part of several programs areas/subjects of different levels of education in Portugal and, in addition, taking into account the transversal theme "environment", this can be treated in all curricular areas since school decides to develop the environmental dimension in their curriculum project (Gomes, 2001 ).
examples of activities to use the Mondego estuary as didactic tool
The Mondego estuary can be addressed under the referred didactical guidelines through different ways developing and using diverse pedagogical tools. Thus, field trips, interpretive routes, worksheets, scientific texts analysis, educational games, multimedia presentations (some already developed in the MSc dissertations mentioned above), and workshops are resources that could be developed/constructed based in the available scientific reports of the estuary. The transformation of scientific knowledge into accessible information and easy to understand by students (or by population in general) is very useful in the teaching/learning science process, but also in the educational process for sustainability. However, teachers/ educators need increased access to ecological knowledge in useful formats, as well as to the latest advances in ecology education theory and practice (EVC, 2004) in order to improve their teaching. Parallel to the ecology concepts, it is either extremely important highlight the EE and EDS which should be part of the teachers/educators functions.
A very interesting didactic tool used in EE is the interpretative route. According to Fernandes (1983) , an interpretative route is a guided or self-guided tour arranged through urban or rural areas where there are facilities in order to study directly the interrelations of the environmental constituents leading to a better understand of the local. They must be specifically designed so that participants learn to become aware of the natural systems of the region (Oliveira, 2001) . In this framework, Mondego estuary presents a prime location for conducting interpretative routes. Moreover, the municipality of Figueira da Foz has defined a pedestrian route in the estuary, designated "Salines Route" which could be explored by school groups. When the interpretative routes are organized to schools, auxiliary material should be elaborated, like scripts to students and teachers. The teacher script must be a detailed document about the location including a mapping of the local, detailed description of the route, particularities about the geological, biological, and cultural landscapes of places to visit, the elements fauna and flora of most frequent observation zone and, if possible illustrations (e.g. photograph or pictures with the most important aspects to highlight and to identify) (Santos & Guedes, 1999) . For the Mondego estuary, it could be included a map like the one presented in the figure 1, a list of the species that use the Mondego estuary as residence, nursery or migration route, summary information about the aquacultures and saltworks. The student script should include the same information as the teacher one but more resumed. Furthermore, the interpretative routes must be followed by worksheets to be filled by the students during the field trip including, among others, a series of questions posed on the various stopping points. The interpretative route could be particularly useful to the schools located in the Figueira da Foz, but also for schools from other regions as part of a study visit, or for tourists. The interpretative routes developing could be part of a bigger project like the implementation of an environmental interpretation center with an educational project documented and disclosed, based on scientific research, with one team stable and professionalized, characteristics of the equipments for EE (Carvalho et al., 2011) could be also a very interesting way to achieve the aim to use the Mondego estuary as a educational tool. Those kinds of environmental education centers have an important role in different points. They collaborate in the training of educational, technicians and policy makers professionals. Usually, they are stable references for the local community, for international organizations and institutions. Either, they have continuity in time allowing develop long term projects and they generate and streamline other programs, resources and materials (Serantes, 2008; Carvalho et al., 2011) .
Another way of use the Mondego estuary as educational resource is the analysis of published papers in classes, mainly with the older students. Faced with the new conceptions of education, and the desired environmental competencies and literacy leading to a generation of informed and critical citizens in society (Azeiteiro et al., 2004; Almeida et al., 2012) , the science texts could constitute an important teaching resource (Rocha, 2012) . This resource can be used as a complement to the traditional teaching materials that facilitates a close relationship between science and society (van Week et al., 2007) . So, it is important to prepare the students to analyse the science texts, particularly the ones published in the media. One goal of science communication is precisely to make scientific knowledge accessible to the public, creating a bridge between the world of science and society (Mora, 2003) . The popularization of science and technology is needed for the cultural development. Beyond the publications on scientific journals, some research on Mondego was focus of publication in the media, and those texts could be either used at class. The information transmitted by media is usually an efficient form of capture the attention to nature conservation problems (Rosalino & Rosalino, 2012) .
With the new curricular proposals oriented towards Education for Sustainability, new demands are placed on teachers. However, these do not always demonstrate that they have the necessary training in this area (Nunes et al., 2009) . Parallels, the educational innovation depends directly on the training of teachers (Marques, 2004) . To use the Mondego estuary as educational resource is fundamental to have trained and motivated teachers. It will be required its improved literacy about ecology and ecological sustainability. Both in formal or non-formal education, the level of knowledge and enthusiasm of teachers are key factors in encouraging students (Arima et al., 2005) . The teachers have the ability to awaken in the student a desire to have an active and vital role in maintaining and/or preserve environment as well as the interest for science. So, the potentiality of Mondego estuary as didactic tool passes inevitably through the continuous teacher training. The training should focus on the planning and development of activities with teachers connected to their needs (Pedrosa & Mateus, 2000; Marques, 2004) . In this sense, it is essential to improve the knowledge of teachers over the Mondego estuary from several points of view, so they could be able to implement and develop strategies with their students. A training program for teachers of Natural Sciences/Biology, with the purpose of promotion of concepts and practices for the use of laboratory and field activities focused in the Mondego estuarine system and under the EE guidelines could be implemented.
As a last suggestion, and because the internet is nowadays a easy useful method to disclose information, we think that the large knowledge about the Mondego estuarine ecosystem enables the construction of a website to disclose it to the common visitor and provide educational materials/ resources for students and teacher use. It could include the characterization of the various species that inhabit the estuary, the goods and services provided by them, the threats that affect it, among other possibilities.
fInAl reMArKs
The Mondego estuary and the research performed so far have been very important for science and to support management decisions (Costa et al., this volume) , but it is also valuable for didactic purposes. This estuary, despite having been studied in a multidisciplinary perspective over the last three decades, mainly by researchers from the University of Coimbra was, until now, from our point of view, target of few pedagogical projects. In future, we think more work is needed to be developed on this context, because there is little educational material available on the Mondego estuary or the existing material is not well uncovered. In short, the role of research teams in the development of the Education for the Sustainability is very important, mainly through the development of pedagogical projects to implement among young students. In fact, it is needed not only to reinforce research, but perhaps more importantly, it is needed to communicate science much more effectively than has been made (EVC, 2004) . Since social values are considered more important than environmental conservation, Portuguese conservation programs should be directed towards persuading students that environmental issues are also closely tied to human survival (Rosalino & Rosalino, 2012) . The key for environmental preservation relies in the correct scientific information given to the population and in the training of teachers and students.
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